Background. The Akt signaling pathway controls the survival and growth of human cancers. We investigated the expression of phosphorylated Akt (pAkt) in patients with gastric cancer. Methods. The expression of pAkt was immunohistochemically examined in 140 gastric cancer patients who underwent a gastrectomy. The expression of pAkt was evaluated based on staining intensity, and staining was classifi ed as negative or positive. We examined the expression of pAkt and its association with the clinicopathological fi ndings, prognosis, depth of invasion, the expression of p53, and effi cacy of oral fl uorouracil chemotherapy after surgery. Results. Expression of pAkt was positive in 81 (58%) patients and negative in 59 (42%) patients. There were no signifi cant correlations between pAkt expression and the clinicopathological fi ndings. The prognosis of patients with pAkt-negative tumors was superior to that of patients with pAkt-positive tumors, and the difference was signifi cant for T3/T4 gastric cancer (P < 0.05). Among the patients with T3/T4 gastric cancer, postoperative oral fl uorouracil treatment was effective in those who were pAkt-positive. Multivariate analysis revealed that pAkt expression and lymph node metastasis were independent prognostic factors. In 88 patients with T3 gastric carcinoma who had undergone curative surgery, in whom we studied the prognostic impact of a combined analysis of pAkt and p53 expression, patients with both pAkt-and p53-positive tumors showed a signifi cantly poorer prognosis than patients with either or both pAkt-and p53-negative tumors (P < 0.05). Conclusion. Our results indicate that pAkt expression may be useful for predicting the prognosis and effi cacy of fl uorouracil treatment in patients with gastric cancer.
Introduction
Survival factors suppress intrinsic cell-death machinery and thereby prevent apoptosis, a naturally occurring cell-death process that is critical for the development of multicellular organisms [1] . Recently, a signaling pathway by which extracellular stimuli can suppress apoptosis has been characterized. Survival factors, such as insulin-like growth factor 1 (IGF1) and neurotrophins, bind to their cell surface receptors and trigger the activation of several kinases, including phosphatidylinositide 3-kinase (PI3K) [2] .
PI3K regulates a vast array of fundamental cellular responses and plays a critical role in controlling the balance between cell survival and apoptosis [3] . In turn, this kinase leads to the activation of a serine/threonine kinase termed Akt. Akt, a key effector of PI3K in signaling cell survival, is phosphorylated in response to a variety of growth factors and interleukins through phosphatidylinositides converted by PI3K [4] [5] [6] [7] . Three human isoforms of Akt have been identifi ed; namely, Akt-1, -2, and -3 [8, 9] . Activated Akt (pAkt) phosphorylates the proapoptotic Bcl-2 family member Bad, caspase-9, a forkhead family transcription factor, p53, and I-kappaB kinase (IKK), thereby preventing apoptosis and possibly leading to endothelial cell survival.
Blockage of the PI3K/Akt pathway has been re ported to induce cancer cell apoptosis and tumor suppression in some human cancers [10] [11] [12] . Moreover, activation of Akt is correlated with a poor outcome in breast cancer [13] . However, the role of Akt in gastric cancer has not been evaluated immunohistochemically. In the present study, we immunohistochemically examined surgically resected gastric carcinomas for their expression of pAkt and its association with the clinicopathological fi ndings, prognosis, and effi cacy of oral fl uorouracil chemotherapy after surgery. We also examined the expression of p53, which is activated downstream of the PI3K/Akt pathway.
Patients, materials, and methods

Patients and tissue samples
Primary gastric adenocarcinoma specimens were obtained from 140 patients treated at the Department of Surgery, Tottori University of Medicine between 1984 and 1991. These patients were selected without any intention from the list of those who had undergone curative surgery. The patients' age, sex, tumor size, depth of invasion, pathological type, lymph node metastasis, and pathological stage were determined by a review of the medical records. The clinicopathological fi ndings were determined according to the criteria of the Japanese Research Society for Gastric Cancer [14] . The patients were 84 men and 56 women, who ranged in age from 37 to 91 years (average, 70.8 years). Most of these patients had undergone D2 lymph node dissection. Some elderly patients and those with preoperative complications had been treated with D1 + β dissection. None of the patients had undergone preoperative chemotherapy or radiotherapy. Adjuvant chemotherapy was routinely prescribed for all patients with advanced gastric cancer. Among the patients with T3/T4 disease, 61 had undergone postoperative chemotherapy with consecutive oral administration of uracil/tegafur at a dose of 300 mg daily for 1 year, while 31 patients had refused or discontinued the chemotherapy. All the patients had been monitored for at least 5 years. The follow-up data, as well as the mortality data, were also retrieved from the clinical records. Informed consent was obtained from all the subjects and/or their guardians.
Immunohistochemistry
For the immunohistochemical analysis, formalin-fi xed and paraffi n-embedded specimens were processed using a streptavidin-biotin method (Histofi ne SAB-PO kit; Nichirei, Tokyo, Japan). Briefl y, 4-µm-thick serial sections were dewaxed in xylene, rehydrated in ethanol, and heated with DAKO target retrieval solution (DAKO, Carpinteria, CA, USA) in an autoclave for antigen retrieval. Endogenous peroxidase was blocked by incubation with 0.3% hydrogen peroxide in methanol for 15 min. The tissue sections were then washed twice with phosphate-buffered saline (PBS) and preblocked with 10% goat serum in PBS for 60 min. After the washing with PBS, the samples were incubated with an anti-phospho-Akt (Ser473) polyclonal antibody (Cell Signaling Technology, Beverly, MA, USA) at a dilution of 1 : 100 for 30 h at 4 ºC. Next, the sections were washed three times in PBS and incubated with anti-rabbit immunoglobulins (IgG + IgA + IgM) conjugated with biotin (Nichirei) for 60 min, followed by incubation with a streptavidin-peroxidase complex (Nichirei) for another 60 min. After three further washes in PBS, a diaminobenzidine tetrahydrochloride working solution was applied. Finally, the slides were counterstained with methyl green. pAkt expression was evaluated based on the staining intensity and classifi ed into three categories: (1) negative staining; (2) low expression (1%-50% of the carcinoma cells were positive); and (3) high expression (>50% of the carcinoma cells were positive).
Staining for p53 was performed in samples from patients with T3 disease, using an anti-p53 monoclonal antibody (BP-53; Novocastra Laboratories, Newcastle, UK) at a dilution of 1 : 50, using a method similar to that used for the pAkt staining. The staining patterns were classifi ed according to a previous report [15] , as follows: negative (negative or equivocal staining or <20% of the cancer cells were positive) and positive (>20% of the cancer cells were positive).
Statistical analysis
Statistical analyses were carried out using the standard χ 2 test and the Mann-Whitney U-test. The overall survival was estimated by the Kaplan-Meier method, and the equality of the survival curves was analyzed statistically by the log-rank test. For multivariate analysis, independent prognostic factors were determined using the Cox proportional hazards model with a stepwise procedure. Statistical signifi cance was considered at P < 0.05. A Macintosh personal computer system (Stat View Software; Abacus Concepts, Berkeley, CA, USA) was used for all statistical analyses.
Results
To determine whether pAkt was expressed in human gastric carcinoma, pAkt immunoreactivity was examined in 140 gastric carcinomas. As shown in Fig. 1 , pAkt was predominantly localized in the cytoplasm of the cancer cells. Expression of pAkt was negative in 59 cases (42%), low in 46 cases (33%), and high in 35 cases (25%). Next, we classifi ed the patients into pAktnegative (n = 59) and pAkt-positive (n = 81) groups. The correlations between pAkt expression and clinicopathological variables in the 140 patients are shown in Table  1 . Expression of pAkt showed no signifi cant correlation with age, sex, tumor size, depth of invasion, lymph node metastasis, or pathological stage.
The estimated overall 5-year survival rates of patients with pAkt-negative tumors and pAkt-positive tumors were 75% and 56%, respectively (Fig. 2) . There was no signifi cant difference in survival between the two groups. The 5-year survival rates of T1/T2 gastric cancer patients were 96% for pAkt-negative cases (n = 20) and 90% for pAkt-positive cases (n = 28), with no signifi cant difference. In patients with T3/T4 gastric cancer, however, the 5-year survival rates were 68% for pAktnegative cases (n = 39) and 35% for pAkt-positive cases (n = 53; Fig. 3 ). Therefore, patients with pAktnegative tumors survived for a signifi cantly longer time than patients with pAkt-positive tumors (P < 0.05).
The relationship between pAkt expression and the effi cacy of postoperative oral uracil/tegafur chemotherapy was analyzed. In patients with T3/T4 gastric cancer, the 5-year survival rates were 59% in those given uracil/tegafur (n = 61) and 39% in those not given the drugs (n = 31), with no signifi cant difference. The 5-year survival rates for patients with pAkt-negative tumors did not differ signifi cantly between those treated with uracil/tegafur (58%) and those not given the drugs (42%). motherapy, and pAkt expression. The analysis revealed that lymph node metastasis and pAkt expression contributed independently to survival. Next, we studied the prognostic impact of a combined analysis of pAkt and p53 expression in 88 patients with T3 gastric carcinoma who had undergone curative surgery. In these patients, the numbers of patients with pAkt (+)/p53(+), pAkt (+)/p53(−), pAkt (−)/p53(+), and pAkt (−)/p53(−) tumors were 20, 24, 19, and 25, respectively. There was no signifi cant correlation between the expressions of pAkt and p53. The 5-year survival rate of patients with p53-positive tumors (47%) was significantly poorer than that of patients with p53-negative tumors (68%; P < 0.05). The 5-year survival rates of patients with both pAkt-and p53-negative tumors, either pAkt-or p53-negative tumors, and both pAkt-and p53-positive tumors were 81%, 61%, and 28%, respectively (Fig. 5) . A log-rank test revealed signifi cant differences in survival between the three groups (P < 0.05, respectively). the prognosis of those given uracil/tegafur was significantly better than that of those without chemotherapy (P < 0.05). Specifi cally, the 5-year survival rate of patients given uracil/tegafur was 63%, whereas that of patients not given the drugs was 37% (Fig. 4) . Table 2 shows the results of a multivariate analysis using the Cox proportional hazards model and a stepwise procedure in patients with T3/T4 disease. The covariates included in the model were tumor size, depth of invasion, lymph node metastasis, pathological type, lymphatic invasion, venous invasion, uracil/tegafur che- 
Discussion
In the present study, using immunohistochemistry, we have demonstrated the frequent occurrence of pAkt expression in surgically resected gastric cancers. Akt activation has been shown to protect cells from the apoptosis induced by withdrawing survival factors [16] . According to this antiapoptotic function, we hypothesized that patients with pAkt-positive gastric cancer would have a poorer prognosis than patients with pAktnegative tumors. We found a signifi cant association between increased pAkt expression and a poor prognosis for patients with T3/T4 gastric cancer, although no such correlation was detected for patients with T1/T2 disease. Grille et al. [17] reported that Akt activation in cancer cells conferred the motility required for tissue invasion and metastasis. Furthermore, pAkt was reported to be an important predictor of poor clinical outcome in breast and prostate cancers [13, 18] . Although we did not fi nd any signifi cant correlations between pAkt protein expression and clinicopathological variables, our results are compatible with these previous reports, because a multivariate analysis revealed signifi cance for the immunohistochemical evaluation of pAkt as well as lymph node metastasis, as an independent prognostic factor. We further analyzed the relationship between pAkt expression and chemotherapy, because Akt has been reported to be a signal transduction protein that fi gures prominently in the mechanisms of carcinogenesis and chemoresistance [19] [20] [21] [22] [23] . Specifi cally, Akt plays a critical role in controlling the balance between cell survival and apoptosis [24] . Phosphorylation of Akt is promoted by phosphatidylinositides converted by PI3K products. Previous reports have shown that Akt delivers antiapoptotic survival signals by phosphorylating Bad and activating caspase-9 [25, 26] . In a previous in vitro study, the chemotherapeutic agent SN-38 was found to induce apoptosis in human gastric cancer cells through inhibition of the PI3K-Akt pathway [27] . Furthermore, Oki et al. [28] demonstrated that pAkt expression was associated with increased resistance to multiple chemotherapeutic agents in gastric cancer patients, when the showed a signifi cantly poorer prognosis than patients with either or both pAkt-and p53-negative tumors. There were signifi cant differences between the three groups (P < 0.05, respectively) chemotherapeutic sensitivities were tested by MTT [3-(4,5-dimetylthiazol-2-yl)-2,5-d-iphenyltetrazolium bromide] assays. Thus, Akt activation is presumed to lead to a poor prognosis and resistance to chemotherapeutic agents in gastric cancer. However, our results revealed that the prognosis of patients who received chemotherapy was signifi cantly better than that of patients who did not receive chemotherapy, among pAkt-positive patients, but not among pAkt-negative patients. These results suggest that adjuvant chemotherapy may still be useful for patients with pAkt-positive gastric cancer. However, the number of patients in this study was too small for a defi nitive conclusion to be made. Applying formal statistics in retrospectively analyzed subgroups is potentially fl awed and should be con sidered very cautiously. Recent data have suggested that Akt is activated in response to stresses induced by ultraviolet irradiation and chemotherapy [29] [30] [31] . Therefore, further studies regarding pAkt status in cancer tissues before and after chemotherapy are required.
Chemotherapeutic agents, such as cisplatin or paclitaxel, induce the expression of the tumor suppressor protein p53, together with an increase in the cyclin/ cyclin-dependent kinase inhibitor p21 protein, in order to maintain the correct temporal ordering of cell-cycle events [32] . Activation of Akt promotes the entry of Mdm2 into the nucleus and its interaction with p53. Binding of Mdm2 to p53 inhibits the transcriptional activity of p53 and targets it for proteasomal degradation. PTEN, which negatively regulates the survival signaling mediated by the PI3K/Akt pathway, can bind directly to p53 and prevent its degradation in a manner that is independent of its effects on Akt activation [33] . In the present study, we examined p53 expression in patients with T3 gastric cancer who had undergone curative surgery. Peritoneal dissemination is the most common cause of death in patients with gastric cancer, and is often found in T3 disease. Detailed investigation for prognostic factors in T3 gastric cancer is important to clarify the risk factors for peritoneal dissemination. Our study revealed that patients with both pAkt-and p53-positive tumors had a poorer prognosis than patients in the other groups. These results suggest that pAkt/p53 combined analysis may be a more useful prognostic indicator than pAkt alone in T3 gastric cancer. Therefore, further investigation of the relationship between the PI3K/Akt and p53/p21 pathways is required to fully understand the chemosensitivity of gastric cancer.
In conclusion, we have demonstrated, by immunohistochemistry of paraffi n-embedded tissue sections, that pAkt expression plays an important role in predicting the survival and the effi cacy of fl uorouracil treatment in patients with T3 gastric cancer. Precise analysis of apoptotic signals via the PI3K/Akt and p53/p21 pathways could be a hallmark for optimal chemotherapy for gastric cancer.
